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Introduction

@ Answering queries over virtual views is encountered in many settings.
o Access control.
o Data integration.

@ For example, DBAs use views to enforce security clearance.

@ Views are materialized. @ Views are virtual.
o +: Evaluation.
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Introduction

@ Answering queries over virtual views is encountered in many settings
o Access control.

o Data integration.

@ For example, DBAs use views to enforce security clearance.
@ Views are materialized.

© Views are virtual.
o —+: Evaluation. e +: Maintenance, e.g., ACID.
e —: Space, updates, etc. o —: Rewriting is NP-hard.
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Introduction: SPARQL query rewriting

@ Answering query using views is well studied for relational DBs, but
not well understood in RDF and SPARQL.

o Given a set definitions of views V = {V;, V4,..., V;} on a RDF
graph G and SPARQL query Q over the views V, compute a
SPARQL query Q' such that Q'(G) = Q(V(G)).
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Introduction: SPARQL query rewriting

@ Answering query using views is well studied for relational DBs, but
not well understood in RDF and SPARQL.

o Given a set definitions of views V = {V;, V4,..., V;} on a RDF
graph G and SPARQL query Q over the views V, compute a
SPARQL query Q' such that Q'(G) = Q(V(G)).

@ Soundness: The rewriting is sound iff Q'(G) C Q(V(G)).

o Completeness: The rewriting is complete iff Q(V(G)) C Q'(G).
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Introduction: RDF data and SPARQL language

@ Resource Decription Framework (RDF) is commonly used in
semantic web for knowledge representation.

= DBpedia extracted unstructured in-
formation and published in queryable
structured format (RDF).

= Describing 3.5 million things.
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o We are interested in SPARQL queries of the form
Q := (SELECT|CONSTRUCT) RD (WHERE GP)
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Introduction: RDF data and SPARQL language

o We are interested in SPARQL queries of the form
Q := (SELECT|CONSTRUCT) RD (WHERE GP)

@ Given an RDF graph G and a graph pattern GP, Q searches for
subgraphs in G that match GP.
@ RD is the result description.
o For SELECT, it projects the values of variables (like SQL).

o For CONSTRUCT, it is a set of triple templates that constructs a
new RDF graph from the matched subgraphs in G.

o Finally, there is a Boolean SPARQL query of form: ASK GP, which
indicates if GP exists, or not, in G.
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Vi:
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WHERE{
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Introduction: A running example and solution outline

o In SPARQL, define view by CONSTRUCT.
@ Eric wants to hide his RoF, FoR and any distinction

between FoF(RoR) and F(R).

Vi: Viror: Vk: VRor:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
?rg vrelated ?ry,  ?ry vrelated ?ry,
7ry vlives ?4}

?fy vfriend ?fy,
"y vlives 74}

WHERE{

?ry vlives 711}
WHERE{
?fo name Eric, ?f5 name Eric, ?rg name Eric,
?fo friend 7y, ?fy friend ?f3, ?rg related ?rq,
?ry lives 701}

@ 7y lives 71} ?f5 friend 7f4,
7y lives 714} 7ry lives 714}

?fo vfriend ?fy,
7y vlives 71}

WHERE{

WHERE{
?ry name Eric,

?ro related ?rg,
?r3 related ?ry,
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Introduction: A running example and solution outline

o In SPARQL, define view by CONSTRUCT.
@ Eric wants to hide his RoF, FoR and any distinction

between FoF(RoR) and F(R).

Vi: Viror: Vk: VRor:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
?rg vrelated ?ry,  ?ry vrelated ?ry,
7ry vlives ?4}

?fy vfriend ?fy,
"y vlives 74}

WHERE{

?ry vlives 711}

WHERE{

?fop name Eric, ?f, name Eric, ?ro name Eric,
?ro related ?rq, ?ry related 7rs,

@ %, friend 7f;,  7f, friend 7f5,
7y lives 71} s friend 1y, ?ry lives 701} 7r5 related 7ry,
7y lives 714} 7ry lives 714}

?fo vfriend ?fy,
7y vlives 71}

WHERE{

WHERE{
?ry name Eric,

Qu:

SELECT 7f5

WHERE {?p vfriend ?f5 , ?f5 vlives ?l5,
?p vrelated ?rs, ?r5 vlives ?l5.}
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Introduction: A running example and solution outline

o In SPARQL, define view by CONSTRUCT.
@ Eric wants to hide his RoF, FoR and any distinction

between FoF(RoR) and F(R).

Vi: Vior: Vkr: VRor:
CONSTRUCT{ | | CONSTRUCT{ | [CONSTRUCT{ || CONSTRUCT{
?rg vrelated ?rq ?ry vrelated ?ry

?fo vfriend ?fy,

?fy vlives 71}

?fy vfriend ?fy,

7y vlives 74}

?ry vlives 711}

7ry vlives ?4}
WHERE{

WHERE{
?fo name Eric,
?fo friend 7y,

7y lives 71}
7y lives 714}
Qu:
SELECT ?f;
75 vlives ?l5,

WHERE{

?f5 name Eric,

?fy friend 7f3,
?f5 friend 7f4,

WHERE{
?ro name Eric,

?ro related ?rq,

?ry lives 701}

WHERE {|?p vfriend ?f5 ,
?p vrelated ?rs, ?r5 vlives ?l5.}

?ry name Eric,

?ro related ?rg,
?r3 related ?ry,

7ry lives 714}
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Introduction: A running example and solution outline

o In SPARQL, define view by CONSTRUCT.
@ Eric wants to hide his RoF, FoR and any distinction
between FoF(RoR) and F(R).

Vi:

CONSTRUCT{
o Dty
7y vings 71}

7y livesy\?ly }

Qu:

Viror:
CONSTRUCT{

?fy vfriend ?fy,

"y vlives 74}
WHERE{

?f5 name Eric,

?fy friend 7f3,
?f5 friend 7f4,
7y lives 714}

Vg:
CONSTRUCT{

?rg vrelated ?rq,

?ry vlives 711}
WHERE{

?ro name Eric,
?ro related ?rq,

?ry lives 701}

VRor:
CONSTRUCT{
?ry vrelated ?ry
7ry vlives ?4}
WHERE{
?ry name Eric,
?ro related ?rg,

?r3 related ?ry,

7ry lives 714}

SELECT ?fx
WHERE {?pQfriend)?fs , 7fs vives 7ls,
?p vrelated ?rs, ?r5 vlives ?l5.}
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Introduction: A running example and solution outline

o In SPARQL, define view by CONSTRUCT.
@ Eric wants to hide his RoF, FoR and any distinction

between FoF(RoR) and F(R).

Vr: Viror: Vk: VRor:
CONSTRUCT{ CONSTRUCT{  CONSTRUCT{ CONSTRUCT{
) ? D7y, ?rg vrelated ?ry,  ?ro vrelated ?ry
71 VINgS 7 ty viifles 71y} ?r; vlives 711} 7ry vlives 714}
= WHER WHERE{ WHERE{
2 ?fo nanje Eric, ?f5 nagne Eric, ?ro name Eric, ?ry name Eric,
@ ?fo| friefd |7, %, frignd ?fs, 1o related ?ri,  ?ry related ?rs,
L, /ty) lives\?l7 } t3 frignd ?f, ?ry lives 701} ?r3 related ?ry,
%f%, 74 livps 714} 71y lives ?1,}

Qu:

SELECT ?f»
WHERE {?pGfriend)?fs|, 7f5 vlives ?Is,

?p vrelated ?rs, ?r5 vlives ?l5.}
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Introduction: A running example and solution outline

o In SPARQL, define view by CONSTRUCT.
@ Eric wants to hide his RoF, FoR and any distinction

between FoF(RoR) and F(R).

Vi: Viror: Vk: VRor:
CONSTRUCT{ CONSTRUCT{  CONSTRUCT{ CONSTRUCT{
6o Chiend?f,,  HCiend?fy, o @elated?r,,  rCrelated 7ry,
?f{ vlives Iy } i vlives 2y} ?r{vlves o} ?rfvlives oy}
WHERE{ WHERE{ WHERE{ WHERE{
?ro name Eric, ?ry name Eric,
?ro related ?rg,

?fo name Eric, ?f5 name Eric,
?fo friend 7y, ?fy friend ?f3, ?rg related ?rq,
?ry lives 701}

@ 7y lives 71} ?f3 friend ?fy, 7r5 related 7ry,
7y lives 714} 7ry lives 714}

Output exponential rewritings!

Qu:

SELECT 7f5
WHERE {?pQriend ?fs , ?f vlives 71,
P @' ?rs, 7§ vlives Pls.}
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Rewriting Algorithm

Qu:
SELECT 7f; WHERE{?p vfriend ?f;

?f5 vlives ?l5

?p vrelated ?r;

?rs vives ?l5 }

Vp:
CONSTRUCT{
@ 7fy vfriend 7f,
@ 7f; vlives 71}
WHERE{
?fp name Eric,
7y friend ?f;,
?f; lives 71, }

Vror:
CONSTRUCT{

@ ?fy vfriend 71y,

@ ?fy vlives 74}
WHERE{
?f, name Eric,
?fy friend ?f3,
?f5 friend ?fy,
7y lives 214}

Vg:
CONSTRUCT{

@D ?rg vrelated ?rq,

@ 7r1 vlives ?l3}
WHERE{
?rg name Eric,
?rg related ?ry,
?ry lives ?13}

Vror:
CONSTRUCT{
@D ?ry vrelated ?ry,
@ 7ry vlives ?l6}

WHERE{
?ry name Eric,
?ry related ?rs,
?r3 related ?ry,
?ry lives ?lg}
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Rewriting Algorithm

Building CandV;

'

CandV,

Qu:
SELECT 75 WHERE{?p vfriend ?f;

Vp: Vror: Vr: VRkor:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ ?fp vfriend 7f, @ ?f, vfriend ?fy, @D ?rg vrelated ?rq, @D ?ry vrelated ?ry,
@ ?f, vlives 71} @ ?fy vlives 74} @ 7r1 vlives ?l3} @ 7?14 vlives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Building CandV;

'

CandV,

Qu:
SELECT 75 WHERE{?p vfriend ?f;

VR 70— 7p, 2, —7f5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
—D(D @ ?f, vfriend ?fy, @D ?rg vrelated ?rq, @D ?ry vrelated ?ry,
@ ?f, vlives 711} @ ?fy vlives 74} @ 7r1 vlives ?l3} @ 7?14 vlives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Building CandV;

'

CandV,

Qu:
SELECT 75 WHERE{?p vfriend ?f;

VR 70— 7p, 2, —7f5]

VR, 72— 2p, 26— 765

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7f, vfriend ?f,, —® O|f, vfriend ?f} @7 vrelated ?ry, D 7?ry vrelated ?ry,
@ ?f, vlives 71} @ 1y viives 71y @ 7r1 vlives ?l3} @ 7?14 vlives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Building CandVy

'

CandV,

75 vlives ?l5

Qu:
SELECT 75 WHERE{

v?,mﬁ? 71— 75 V%,?fl*)?fs,?llﬂ?ls
p

VF:OF,?fQH? 24— 75 szop,?f4~>.7f5,?l44>?l5
p
[\/Rg,?rlﬂ?fs,?lgﬂ?h]

VBor 2ra—7f5, 2lg—715]

Ve: Vror: Vr: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ ?fo vfriend 7f, @ ?f, vfriend ?f, @D ?rg vrelated ?rq, @D ?ry vrelated ?ry,

—» Q2 _vlives 7] — Q74 viives 71} =8 @Qf?ry Vives 7}t —p @f7rs viives I}

WHERE{
?fp name Eric,
7y friend ?f;,
?f; lives 71, }

WHERE{ WHERE{ WHERE{

?f, name Eric, ?rop name Eric, ?r5 name Eric,
?f, friend ?fs, ?rg related ?ry, ?ro related ?rs,
?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,

7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Building CandV3

'

CandV3;

Va

5 vlives ?l5 ?p vrelated ?r5

Qu:
SELECT 75 WHERE{

VR 70— 7p, 2, —7f5] V& ro—2p, 21 —7rs]

V2,26, 265,21, —715]
VR, p, 260 2p, 24— 7Fs] [VEor 24— 75, 20a—?l5] [VRor, 7ra—7p, 2rs—7r5]
V2 21— 765, 215715
V8o 2ra—7f5, 2l —715]
Vr: Vror: Vr: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT/{
= Dfro vrelated 7ry | 8Df?r, vrelated ?rq]

@ 7, vfriend ?f;, @ 7f, vfriend ?f,
@ 7f; vlives 711} (@ 74 vlives 24} @ 7r1 viives g} @ 7rs Vlives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?fy name Eric, ?ro name Eric, ?ry name Eric,
7y friend ?f;, ?f, friend ?fs, ?rg related ?ry, 7ry related ?rs,
?f; lives 71, } 75 friend 7fy, ?ry lives ?13} ?r3 related 7ry,
?fy lives 214} 7ry lives ?lg}
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Rewriting Algorithm

Building CandV,4

'

Vo CandV3 CandV,
5 vlives ?l5 P ted 7rs ?r5 vlives ?l5 }

Qu:
SELECT 75 WHERE{

VR 20—, 26— 26 V2,261 265,20 —715] VR 261 —2r5, 20715

V& ro—2p, 21 —7rs]

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715
V8,21, 265,21 715] VR 21— 75,213 715]
VRor, 2ra— 765, 21— 715 Vor 2= 715, 215—715]

Vp: Vror: Vr: VRkor:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vriend ?f;, @ ?f, vfriend 7, @D g vrelated ?ry, @ ?ry vrelated ?ry,
- f1 vI|ves 7h}] > @faviives 7l4}] - Qfro viives ?I3}] > @frs viives ?s}]
WHERE{ WHERE{ WHERE{

?fg name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,

7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,

?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,

7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

CandV; CandVs CandV; CandV,
?rs vives ?ls }

Qu:

SELECT 7f5 WHERE{ ?p vfriend ?fs ?p vrelated ?rs

75 vlives ?l5

VR 2g2p 26 —s] V22—, 2h 2] [VBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715
VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715
V8,21, 265,21 715] VR 21— 75,213 715]
VRor, 2ra— 765, 21— 715 Vor 2= 715, 215—715]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7f; vlives 711} (@ 74 vlives 24} @ ry viives ?l3} @ ?rq vdives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
?ry lives ?lg}

7y lives 214}
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Rewriting Algorithm

Generate one rewriting:

CandV; CandVs CandV; CandV,

Qu:
SELECT 7f5 WHERE{ ?p vfriend ?fs 5 vlives ?ls ?p vrelated ?rs ?r5 vlives ?l5 }

VR 2g2p 26 —s] V22—, 2h 2] [VBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

VR, 26— 765, 205715 VR, 27r1— 715, 213—715)
V8o 2ra—7f5, 2l —715] Vo 7ra—7r5, 2l —7l5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE {

Qu: CandV; CandVs CandV; CandV,

u:

SELECT 7f5 WHERE{'?p vfriend ?fs | 5 vlives ?ls ?p vrelated ?rs ?r5 vlives ?l5 }
VR 2fg—2p 20— 75] | VR 20— 7,220 [VEBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

V2 21— 765, 215715 VR 21— 75,213 715]

VRor, 2ra— 765, 21— 715 Vor 2= 715, 215—715]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE {

Qu: CandV; CandVs CandV; CandV,

u:

SELECT 7f5 WHERE{'?p vfriend ?fs | 5 vlives ?ls ?p vrelated ?rs ?r5 vlives ?l5 }
VR 2fg—2p 20— 75] | VR 20— 7,220 [VEBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

V2 21— 765, 215715 VR 21— 75,213 715]

VRor, 2ra— 765, 21— 715 Vor 2= 715, 215—715]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
—> 7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE { 7p name Eric, ?p friend 7f5, 7f; lives ?I'y,

Qu: CandV; CandVs CandV; CandV,
'
SELECT 7f5 WHERE{'?p vfriend ?f5 | 5 vlives ?l5 7p vrelated ?r5 ?rs vives ?ls }

VR 2fg—2p 20— 75] | VR 20— 7,220 [VEBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

VR, 26— 765, 205715 VR, 27r1— 715, 213—715)
V8o 2ra—7f5, 2l —715] Vo 7ra—7r5, 2l —7l5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
—> 7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Generate one rewriting: ‘
SELECT ?f; WHERE { ?p name Eric, ?p friend 775, 7f; lives (1),

Qu: CandV; CandVs CandV; CandV,
'
SELECT 7f5 WHERE{'?p vfriend ?f5 | 5 vlives ?l5 7p vrelated ?r5 ?rs vives ?ls }

VR 2fg—2p 20— 75] | VR 20— 7,220 [VEBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

VR, 26— 765, 205715 VR, 27r1— 715, 213—715)
V8o 2ra—7f5, 2l —715] Vo 7ra—7r5, 2l —7l5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ % vfnend 1, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
(@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
—> ?fy friend 2f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
7 lives| ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}

Undefined variable is renamed to a new variable.
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Rewriting Algorithm

Generate one rewriting:

SELECT ?f; WHERE { ?p name Eric, ?p friend 7f;,

CandV;

CandV,

?f5 lives ?1'y,?f's name Eric, ?f'5 friend ?f'3, 7f's

CandV3;

CandV,

Qu:

| .7?5 Viives 7 5 |

?p vrelated ?rs

?rs vives ?ls }

SELECT 7f5 WHERE{ ?p vfriend ?f5
VR 2o —7p, 21— 7f5]

VR, 5, 20, 264 7Fs

Vp:
CONSTRUCT{
(D o viriend 7,

WHERE{

V2,26, 265,21, —715]
Q ? ?f5,? ?

For, fa—7f5,714—7l5
V8,21 —7f5, 215715

VBor 2ra—7f5, 2lg—715]

Vror:

CONSTRUCT{
@ 7, vfriend 4,
(@ 74 vlives 4}

V& ro—2p, 21 —7rs]

Vg:
CONSTRUCT{

@ rq vrelated ?rq,

@ ?ry vlives ?I3}

VR 261 —2r5, 20715

V2,2, 71— 7p, 74— 215] [VBor, 27— 715, 204715

VR, 21 —7r5, 215715

Vor 2= 715, 215—715]

VROH,:
CONSTRUCT{
@ ?ry vrelated ?ry,

@ ?rq vdives ?lg}

WHERE{
?f, name Eric,

?fp name Eric,
7y friend ?f;,
?f; lives 71, }

= ?f, friend ?fs,
?f3 friend ?fy,
7y lives 214}

WHERE{
?rg name Eric,
?rg related ?ry,
?ry lives ?13}

WHERE{
?ry name Eric,
?ry related ?rs,
?r3 related ?ry,
?ry lives ?lg}

friend 7f5,

75 lives ?I5
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE { ?p name Eric, ?p friend 7f5, ?f; lives ?I'y,?f'y name Eric, ?f'y friend ?f's, ?f'3 friend 7f5, 7f5 lives 7l
?p name Eric, ?p related 7rs, 75 lives ?I'3,

CandV; CandVs CandV; CandV,

Qu:
SELECT 7f5 WHERE{ ?p vfriend ?f5 5 vlives ?l5 |?p vrelated ?rs | ?rs vives ?ls }

VP 2o—p 70— 765 VB, 70— 765,20 —715] VR, 261715, 20— 715]

VR, p, 260 ?p, 24— 7Fs] [VBor 24— 25, 24— 2l5] | [VRor, 72— 7p, 21— 7r5] [VBore, 2a—7r5, 21— 715

VR, 26— 765, 205715 VR, 27r1— 715, 213—715)
V8o 2ra—7f5, 2l —715] Vo 7ra—7r5, 2l —7l5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?fy name Eric, | “»{ ?ry name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE { 7p name Eric, ?p friend 7f5, 7f; lives ?I'y, ?f'y name Eric, 7'y friend ?f's, ?f'3
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r' related ?r's, ?r's related ?r5, 7r5 lives 715}

friend 7f5, 7f5 lives 715

Qu: CandV; CandVs CandV; CandV,
'
SELECT 7f5 WHERE{ ?p vfriend ?f5 5 vlives ?l5 7p vrelated ?r5 |?r5 vlives ?IEI}

VR 2g2p 26 —s] V22—, 2h 2] [VBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

V2,26, 7f5, 205215)] VR, 27r1— 715, 213—715)
VB, i, 2rs—7fs, 25— 715 V8o, 24— 715, 2l5—715]
Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?r, | @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} > ?rg related ?ry,
7y lives 214} ?ry lives ?lg}
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE { ?p name Eric, ?p friend 7f5, 7f; lives ?I'y, ?f'y name Eric, ?f'; friend ?f's, ?f'3
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r'y related ?r's, ?r's related ?r5, 7r5 lives 715}

friend 7f5, 7f5 lives 715

CandV; CandVs CandV; CandV,

Qu:
SELECT 7f5 WHERE{ ?p vfriend ?fs 5 vlives ?ls ?p vrelated ?rs ?r5 vlives ?l5 }

VR 20—7p, 261 —75]  [VE 26— 75,71, — 715 D ro—7p, 71— 15 VR 775,71, — 7l
P

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

VR, 26— 765, 205715 VR, 27r1— 715, 213—715)
V8o 2ra—7f5, 2l —715] Vo 7ra—7r5, 2l —7l5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}

W There are totally |CandV;|x|CandV5|x|CandV3|x|CandV,| rewritings modulos a compatible check.
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Rewriting Algorithm

Generate one rewriting:
SELECT ?f; WHERE { ?p name Eric, ?p friend 7f5, 7f; lives ?I'y, ?f'y name Eric, ?f'; friend ?f's, ?f'3
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r'y related ?r's, ?r's related ?r5, 7r5 lives 715}

friend 7f5, 7f5 lives 715

CandV; CandVs CandV; CandV,

Qu:
SELECT 7f5 WHERE{ ?p vfriend ?fs 5 vlives ?ls ?p vrelated ?rs ?r5 vlives ?l5 }

VR 2g2p 26 —s] V22—, 2h 2] [VBro—?p.2n—?rs]  [VE, 21— 7rs, 21— 715

VR, r, 20 ?p 264 7Fs] [VEor 24— 25, 24— ?l5] [VRor, 7ra—7p, 21— 7r5] [VBor, 2a—7r5, 21— 715

VR, 26— 765, 205715 VR, 27r1— 715, 213—715)
V8o 2ra—7f5, 2l —715] Vo 7ra—7r5, 2l —7l5]

Vp: Vpor: Vg: VRoR:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 7f;, @ ?f, viriend ?fy, @D g vrelated ?ry, @ ?ry vrelated ?ry,
@ 7, vlives ?| (@ 74 vlives 4} @ ?ry vlives ?I3} @ ?rq vdives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f, name Eric, ?ryp name Eric, ?ry name Eric,
7y friend ?f;, ?fy friend ?f3, ?rg related ?ry, ?ry related ?r3,
?f; lives 71, } ?f3 friend ?fy4, ?ry lives ?13} ?rg related ?ry,
7y lives 214} ?ry lives ?lg}

W There are totally |CandV;|x|CandV5|x|CandV3|x|CandV,| rewritings modulos a compatible check.

B CandVs are considered incompatible if they map the same variable to different constants.
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9 Rewriting on SPARQL views

@ Remarks on SPARQL rewriting
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.

e Can we do better? What if we translate everything to SQL and do
rewriting there? Well, we proved the following result ...
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.
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rewriting there? Well, we proved the following result ...

The set of rewritten SPARQL queries is sound and complete.
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.

e Can we do better? What if we translate everything to SQL and do
rewriting there? Well, we proved the following result ...

The set of rewritten SPARQL queries is sound and complete.

@ So, there is no redundancy nor misses resulted from the rewriting.
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.

e Can we do better? What if we translate everything to SQL and do
rewriting there? Well, we proved the following result ...

The set of rewritten SPARQL queries is sound and complete.

@ So, there is no redundancy nor misses resulted from the rewriting.

@ So, doing rewriting in SQL will not give less rewritings as the set of
semantic units is tight already.
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.

e Can we do better? What if we translate everything to SQL and do
rewriting there? Well, we proved the following result ...

The set of rewritten SPARQL queries is sound and complete.

@ So, there is no redundancy nor misses resulted from the rewriting.

@ So, doing rewriting in SQL will not give less rewritings as the set of
semantic units is tight already.

@ In the experiment, we show that SQL translation is indeed helpless.
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Rewriting Algorithm: Remarks

@ The rewriting algorithm could result in exponential number of
rewritings.

e Can we do better? What if we translate everything to SQL and do
rewriting there? Well, we proved the following result ...

The set of rewritten SPARQL queries is sound and complete.

@ So, there is no redundancy nor misses resulted from the rewriting.

@ So, doing rewriting in SQL will not give less rewritings as the set of
semantic units is tight already.

@ In the experiment, we show that SQL translation is indeed helpless.

@ But still, can we do better?
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© Optimization on rewritings
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© Optimization on rewritings
@ Minimize a rewritten query
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Optimization: minimize a rewritten query

Qu: CandV; CandV, CandV3 CandV,
SELECT 7f5 WHERE{ ?p vfriend 7f5 25 vlives ?l5 7p vrelated 7r5 ?r5 vlives 7l }
V2202, 2f 7] VR 2= 7h =] [VRro—?p7r—o7rs] VR 7r, 757

V2, 262 7p 264 26s] Vo 26426, Tla—?ls] [VRor, 727D, 7ra—7rs] [VBor, 24— 715,20, 715]

VR 21— 765, 215715 V2 21— 215, 205715
VBor 2 — 765, 21— 715] VB0 k. 2ra—7r5,2l5—7l5]
Vi: Vior: Vg: VRor:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 71, @ ?fy viriend ?fy, @ ?rq vrelated ?rq, (@ ?ry vrelated ry,
@ 7, vlives 711} @ 4 vives ?14} @ 7ry vlives ?I3} @ ry vlives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f5 name Eric, ?rp name Eric, ?ry name Eric,
y friend ?fy, ?fy friend ?f3, ?rg related ?rq, ?ry related ?rg,
?f; lives 711} ?f3 friend ?fy, ?ry lives ?l3} ?r3 related ?ry,
?fy lives 7y} 7ry lives ?lg}
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Optimization: minimize a rewritten query

Qu: CandV; CandV, CandV3 CandV,
SELECT ?f; WHERES ?p vfriend 7f5 25 vlives ?l5 7p vrelated 7r5 ?r5 vlives 7l }

VR 20— 2p, 26 —765] [V@,?f,—s?fs,?ll—»?ls]” [Vg,ro—ﬂp,?rl—ﬂrs]l V2275, 21— 715]

V2, 26— 7p 264 26s] Vo 26426, Tla—?ls] [VRor, 727D, 7ra—7r5] Vs, 24— 715,20, 715]
VR 21— 765, 215715

VBor 2 — 765, 21— 715]

Vi Vror: Vi: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 71, @ 7f, vfriend £y, @ ?rq vrelated ?rq, (@ ?ry vrelated ry,
@ 7, vlives 711} (2 7y vlives 74} @ 7ry vlives ?I3} @ ry vlives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f5 name Eric, ?rp name Eric, ?ry name Eric,
?fo friend ?fy, ?fy friend ?f3, ?rg related ?rq, ?ry related ?rg,
?f; lives 711} 73 friend ?fy, ?ry lives ?l3} ?r3 related ?ry,
?fy lives 7y} 7ry lives ?lg}
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Optimization: minimize a rewritten query

Rewriting q:
SELECT ?f; WHERE { ?p name Eric, 7p friend 7f5, 7f5 lives ?I'y, ?f'y name Eric, ?f'q friend ?f5, 7f5 lives 715,
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r' related ?r's, ?r's related ?r5, 7r5 lives 715}
Qu: CandV; CandV, CandV3 CandV,
SELECT ?f; WHERES ?p vfriend 7f5 25 vlives ?l5 7p vrelated 7r5 ?r5 vlives 7l }

VR 20— 2p, 26 —765] [V@,?f,—s?fs,?ll—»?ls]” VBro—?p,2rn—2rs]|  [VB.71—7r5,21,—715]

V2, 26— 7p 264 26s] Vo 26426, Tla—?ls] [VRor, 727D, 7ra—7r5] Vs, 24— 715,20, 715]
VR 21— 765, 215715

VBor 2 — 765, 21— 715]

V2 21— 215, 205715

Vi Vror: Vi: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7, vfriend 71, @ 7f, vfriend £y, @ ?rq vrelated ?rq, (@ ?ry vrelated ry,
@ 7, vlives 711} (2 7y vlives 74} @ 7ry vlives ?I3} @ ry vlives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f5 name Eric, ?rp name Eric, ?ry name Eric,
?fo friend ?fy, ?fy friend ?f3, ?rg related ?rq, ?ry related ?rg,
?f; lives 711} 73 friend ?fy, ?ry lives ?l3} ?r3 related ?ry,
?fy lives 7y} 7ry lives ?lg}
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Optimization: minimize a rewritten query

Rewriting q:
SELECT ?f; WHERE { 7p name Eric, ?p friend 7f5, 7f; lives ?I'y, ?f'y name Eric, ?f'y friend 7f5, ?f5 lives 7l;,
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r' related ?r's, ?r's related ?r5, 7r5 lives 715}

Qu: CandV; CandV, CandV3 CandV,
SELECT ?f; WHERES ?p vfriend 7f5 25 vlives ?l5 7p vrelated 7r5 ?r5 vlives 7l }

V2 26—2p, 26— 76s] | |IVR. 26— 765, 2 =201 || VRro—2p 7 7rs] | VB2 7r, 715705

[v%mfﬁ?p,?fﬁ?fs] [v%bv,?fﬁ?fs.nﬁ?ln] V&, 2 21— 7p,7ra—7r5] VR0, 24— 215,203 —715]
VR 21— 765, 215715 V2 21— 215, 205715

VBor 2 — 765, 21— 715] VB0, 2ra—7r5, 25— 715

Vi
CONSTRUCT{

@ 7, vfriend ?f;,

@ 7, vlives 711}
WHERE{

?fo name Eric,

?fo friend ?fy,
?f; lives 711}

m From the same view.

Vior:
CONSTRUCT{
@ 7f, vfriend £y,
@ 4 vives ?14}
WHERE{
?fy name Eric,
2, friend 7f;,
73 friend ?fy,
4 lives ?14}

Vr:
CONSTRUCT{
@ ?rq vrelated ?rq,
@ 7ry vlives ?I3}
WHERE{
?ro name Eric,
ro related ?rq,
?ry lives ?l3}

VRor:
CONSTRUCT{
(@ ?ry vrelated ry,
@ ry vlives ?lg}

WHERE{
?ry name Eric,
7ry related ?rg,
?r3 related ?ry,
7ry lives ?lg}
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Optimization: minimize a rewritten query

Rewriting q:
SELECT ?f; WHERE { 7p name Eric, ?p friend 7f5, 7f; lives ?I'y, ?f'y name Eric, ?f'y friend 7f5, ?f5 lives 7l;,
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r' related ?r's, ?r's related ?r5, 7r5 lives 715}

Qu: CandV; CandV, CandV3 CandV,
SELECT ?f5 WHEREA [?p vfriend ?f5 ?f5 vlives 75| ?p vrelated ?rs ?r5 vlives ?l5 }

R?,?foup,?fw?fs]||[v$’2,7f,—;7f5,7|ﬁ?|5]| VBro—?p,2rn—2rs]|  [VB.71—7r5,21,—715]

[v%mfﬁ?p,?fﬁ?fs] [v%bv,?fﬁ?fs.nﬁ?ln] V&, 2 21— 7p,7ra—7r5] VR0, 24— 215,203 —715]

VR 21— 765, 215715 V2 21— 215, 205715
VBor 2 — 765, 21— 715] VB0, 2ra—7r5, 25— 715
Vi Vior: Vr: Vror:
‘ONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
OFf, viriend 7, @ 7f, vfriend £y, @ ?rq vrelated ?rq, (@ ?ry vrelated ry,
@\ @ 4 vives ?14} @ 7ry vlives ?I3} @ ry vlives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f5 name Eric, ?rp name Eric, ?ry name Eric,
7, friend ?fy, 7y friend ?f3, 7rg related ?rq, 7ry related ?rg,
?f; lives 711} 73 friend ?fy, ?ry lives ?l3} ?r3 related ?ry,
4 lives ?14} 7ry lives ?lg}

m From the same view. mJoin in the same way in query and view.
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Optimization: minimize a rewritten query

Rewriting q:
SELECT ?f; WHERE {[?p name Eric, ?p friend 7f5, ?f5 lives ?I'y, ?f'q name Eric, ?f’y friend ?f5, ?f5 lives 7I5 |
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r' related ?r's, ?r's related ?r5, 7r5 lives 715}

Qu: CandV; CandV, CandV3 CandV,
SELECT ?f5 WHEREA [?p vfriend ?f5 ?f5 vlives 75| ?p vrelated ?rs ?r5 vlives ?l5 }

R?,?foup,?fw?fs]||[v$’2,7f,—;7f5,7|ﬁ?|5]| VBro—?p,2rn—2rs]|  [VB.71—7r5,21,—715]

[v%mfﬁ?p,?fﬁ?fs] [v%bv,?fﬁ?fs.nﬁ?ln] V&, 2 21— 7p,7ra—7r5] VR0, 24— 215,203 —715]

VR 21— 765, 215715 V2 21— 215, 205715
VBor 2 — 765, 21— 715] VB0, 2ra—7r5, 25— 715
Vi Vior: Vr: Vror:
‘ONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
OFf, viriend 7, @ 7f, vfriend £y, @ ?rq vrelated ?rq, (@ ?ry vrelated ry,
@\ @ 4 vives ?14} @ 7ry vlives ?I3} @ ry vlives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f5 name Eric, ?rp name Eric, ?ry name Eric,
7, friend ?fy, 7y friend ?f3, 7rg related ?rq, 7ry related ?rg,
?f; lives 711} 73 friend ?fy, ?ry lives ?l3} ?r3 related ?ry,
4 lives ?14} 7ry lives ?lg}

m From the same view. mJoin in the same way in query and view. m Can be merged.
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Optimization: minimize a rewritten query

Rewriting querge: Merged.

SELECT ?f; WHERE {I?p name Eric, ?p friend ?f5, ?f5 lives ?I_r,l‘
?p name Eric, ?p related ?rs, ?r; lives ?I'3,?r'y name Eric, 7r' related ?r's, ?r's related ?r5, 7r5 lives 715}

Qu: CandV; CandV, CandV3 CandV,
SELECT ?f5 WHEREA [?p vfriend ?f5 ?f5 vlives 75| ?p vrelated ?rs ?r5 vlives ?l5 }

R;Q,onqp,?fw?fs]||[v®p,?f._;?f5,?|l—»?|5]| VBro—?p,2rn—2rs]|  [VB.71—7r5,21,—715]

[v%mfﬁ?p,?fﬁ?fs] [v%bv,?fﬁ?fs.nﬁ?ln] V&, 2 21— 7p,7ra—7r5] VR0, 24— 215,203 —715]

VR 21— 765, 215715 V2 21— 215, 205715
VBor 2 — 765, 21— 715] VB0, 2ra—7r5, 25— 715
Vi Vior: Vr: Vror:
‘ONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
OFf, viriend 7, @ 7f, vfriend £y, @ ?rq vrelated ?rq, (@ ?ry vrelated ry,
@\ @ 4 vives ?14} @ 7ry vlives ?I3} @ ry vlives ?lg}
WHERE{ WHERE{ WHERE{ WHERE{
?fo name Eric, ?f5 name Eric, ?rp name Eric, ?ry name Eric,
7, friend ?fy, 7y friend ?f3, 7rg related ?rq, 7ry related ?rg,
?f; lives 711} 73 friend ?fy, ?ry lives ?l3} ?r3 related ?ry,
4 lives ?14} 7ry lives ?lg}

m From the same view. mJoin in the same way in query and view. m Can be merged.
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Optimization: minimize a rewritten query

@ The proposed unification could potentially lead to a more efficient
evaluation of the query.
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Optimization: minimize a rewritten query

@ The proposed unification could potentially lead to a more efficient
evaluation of the query.

@ We also show that such optimization will not affect the semantics of
the query (sound and complete).
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Optimization: minimize a rewritten query

@ The proposed unification could potentially lead to a more efficient
evaluation of the query.

@ We also show that such optimization will not affect the semantics of
the query (sound and complete).

Query Qmerge resulting from replacing the two copies of the same view in
rewritten query q with one is equivalent to q.
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© Optimization on rewritings

@ Pruning rewritings with empty results
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Optimization: pruning rewritings with empty results

m There are a subset of rewritings that join V&, with V3.

Qu: CandV, CandV, CandV3 CandVy
SELECT 715 WHERE{ ?p vfriend 7f5 ?f5 vlives ?l5 7p vrelated ?rs ?r5 vives 7l }
V2 26,215, 20,715

VR 2fg—2p 26— 7s] VR 26— 76,2 —205]  [VR.ro—7p,2ri—7r)
VR, 22— 7p, 26— 26| [V R, 26— 265, 21u—T1s] [VRar, Pra—7p, 2ra—r5] [VBor, 24— 205,201 —71s]
V2 21 715, 715715

VR, 20— 7f5, 203715
[V%un,774—'7l’5,?|s—>7|5]

VBor, 2ra—f5, 20— 7l5]

Vet Vpor: Vr: VRoRr:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
D 7, vfriend 7f;, @ ?f, vfriend 7fy, @ ?rg vrelated 7r;, @ ?ry vrelated ?ry,
@ 7, vlives 711} (2 74 vlives 4} @7y vlives ?3} @ rq vlives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fp name Eric, ?fy name Eric, ?ro name Eric, ?r5 name Eric,
?fo friend ?fy, ?fy friend ?f3, ?rg related ?rq, ?ry related ?rs,
?f; lives 711} ?f5 friend ?fy, ?rq lives ?l3} ?ry related ?ry,
7y lives 714} ?ry lives ?lg}
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Optimization: pruning rewritings with empty results

m There are a subset of rewritings that join V&, with V3.
m Looking for Eric’s friend-of-friend who is also his relative. Who are they?

Qu: CandV, CandV, CandV3 CandVy
SELECT 715 WHERE{ ?p vfriend 7f5 ?f5 vlives ?l5 7p vrelated ?rs ?r5 vives 7l }
V2 26,215, 20,715

VR 2fg—2p 26— 7s] VR 26— 76,2 —205]  [VR.ro—7p,2ri—7r)
VR, 22— 7p, 26— 26| [V R, 26— 265, 21u—T1s] [VRar, Pra—7p, 2ra—r5] [VBor, 24— 205,201 —71s]
V2 21 715, 715715

VR, 20— 7f5, 203715
[V%un,774—'7l’5,?|s—>7|5]

VBor, 2ra—f5, 20— 7l5]

Vet Vpor: Vr: VRoRr:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
D 7, vfriend 7f;, @ ?f, vfriend 7fy, @ ?rg vrelated 7r;, @ ?ry vrelated ?ry,
@ 7, vlives 711} (2 74 vlives 4} @7y vlives ?3} @ rq vlives ?lg}

WHERE{ WHERE{ WHERE{ WHERE{
?fp name Eric, ?fy name Eric, ?ro name Eric, ?r5 name Eric,
?fo friend ?fy, ?fy friend ?f3, ?rg related ?rq, ?ry related ?rs,
?f; lives 711} ?f5 friend ?fy, ?rq lives ?l3} ?ry related ?ry,
7y lives 714} ?ry lives ?lg}

89 /143



Optimization: pruning rewritings with empty results

m It turns out that Eric's FoF and R are disjoint.
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Optimization: pruning rewritings with empty results

m There are a subset of rewritings that join V&, with V3.
m Looking for Eric’s friend-of-friend who is also his relative. Who are they?

m Prune all rewritings depending on the join between V2,r and V3.

CandV, CandV, CandV3 CandVy

Qu:
7p vrelated ?rs ?r5 vlives ?l5 }

SELECT 7f5 WHERE{ ?p vfriend ?fs 5 vives ?l5

V22— 2p 226 VR 20267 —20s] | VRro—7p. 7 —7rs] || V26— 7rs, 715715

V5,20 —7p, 24— 73] VB0, 24— 715, 201705

Vo, 22—, 21— 265 ]| [V Porr, 24— ?fs, 2la—715]
V2,211 765, 215715

V2 21 715, 715715

VBor, ra— 75,205 —7l5)]

VBor, 2ra—f5, 20— 7l5]

Vp: Vror: Vg: VRor:
CONSTRUCT{ CONSTRUCT/{ CONSTRUCT{ CONSTRUCT{
@ 7f, viriend ?fy, @ ?rq vrelated ?rq, @ ?ry vrelated 7ry,

@ ?f, vriend 7fy,
@ rq vlives ?lg}

(2 74 vlives 4} @7y vlives ?3}

@ ?f; vlives 711}
WHERE{ WHERE{ WHERE{ WHERE{
?fp name Eric, ?fy name Eric, ?ro name Eric, ?r5 name Eric,
?fo friend ?fy, ?fy friend ?f3, ?rg related ?rq, ?ry related ?rs,
?f; lives 711} ?f5 friend ?fy, ?rq lives ?l3} ?ry related ?ry,
7y lives 714} ?ry lives ?lg}
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Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.
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Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.

P, P, P \P2
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Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.

Value sets of ?y; and ?y; in dataset.

A(?y1)  A(%ys)
ON® )

P, P, P \P2
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Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.

Value sets of ?y; and ?y; in dataset.

If we know [A(?y1) N A(?y3)|= 0
() ) )

P, P, P \P2
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Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.

Value sets of ?y; and ?y; in dataset.

If we know |A(?y1) N A(?ys)|=0

Py Py

m Any query with such join can be safely prined.
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Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.

Value sets of ?y; and ?y; in dataset.

If we know |A(?y1) N A(?ys)|=0

Py Py

m Any query with such join can be safely prined.

m In theory, boolean intersection problem has been proven to requires linear space.

97 /143



Optimization: pruning rewritings with empty results

e Consider a pair of triple patterns (?y1, p1, ?y2) and (?ys, p2, ?ya),
suppose a join equals ?y; and ?ys.

Value sets of ?y; and ?y; in dataset.

If we know |A(?y1) N A(?ys)|=0

Py Py

m Any query with such join can be safely prined.

m In theory, boolean intersection problem has been proven to requires linear space.

m In practice, we can settle to a constant success probability and thus design a
space-efficient heuristic.
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

a(Az,)  a(Azy,)
Y

A(?tyv1)  A(%ys)
ON® )

Py P, P\P2
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

|a(A7?/1 ? A‘-”Jz)l

A1) 0 ACYS)
() ) ()

P, |p, Pr\P2
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

|a(A7?/1 n A‘-”Jz)l >T
Continue rewriting with the pattern.
[AC?y1) N A(?ys)|
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

|a(A7?!1 ? A‘-”Jz)l =T

[AC?y1) N A(?ys)|

) &) ~
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

| (A?, ﬁA7y2)| < T

IA(?y1) ﬂ A?ys)|

Yes", then continue the rewriting.
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

|a(A7?/1 ? A‘-”Jz)l =T

[AC?y1) N A(?ys)|

) &) ~
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(A+,) and a(As,).

|a(A7?/1 ? A‘-”Jz)l =T

[AC?y1) N A(?ys)|

Prune it from output.

*In the paper, we presented heuristics to avoid is-
suing execessive ASK queries in rewriting.
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(Aqs,) and a(As,).

o In practice, we use K Minimum Value (KMV) synopses to obtain
unbiased estimations for the size of join.
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Optimization: pruning rewritings with empty results

@ Instead of maintaining their exact value sets, keep two synopses for
them, i.e., a(Aqs,) and a(As,).

o In practice, we use K Minimum Value (KMV) synopses to obtain
unbiased estimations for the size of join.

@ In the paper, we also discuss how to maintain the synopses, i.e.,
dealing with updates.
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@ Experiment
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Implementation: We implemented the rewriting algorithms and
optimizations in C++.

Views and Queries: We defined queries and views on LUBM
benchmark (e.g. about courses, students, professors).

Data: 10M triples from LUBM.

o Platform: 64-bit linux with 2GHz Intel Xeon CPU and 4GB Mem.

Store: Evaluations were performed on MySQL (for relational exp)
and 4store (a generic RDF store).
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Experiments: Notation

o SPARQL query rewriting without optimizations as SQR.
o SPARQL query rewriting with optimizations as OSQR.
@ Translation to SQL and rewriting in relational DB as SQL.

@ Refer to our paper for the full set of experiments.
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.

1 2 3 4 5 6 7

View About] Name Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

1 2 3 4 5 6 7

View About] Name Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

Person 1 publish all his/her views.
) 1 2 3 4 5 6 7

View Abglit] Name Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
RS
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL | NULL

Person
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

1 2 3 4 5 6 7

View About Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person

Person 14 only published the view about name.

114 /143



Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

b

1 2 3 4 5 6 7

View About Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person

Qu: SELECT * {
@ ?x name 7n, @ 7x email 7, [©) DegreeFrom 7d,

Pan query incrementally asks for more properties.
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

b }

1 2 3 4 5 6 7

View About Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person

Qu: SELECT * {
@ ?x name 7n, @ 7x email 7, [©) DegreeFrom 7d, @ phone 7p,

Pan query incrementally asks for more properties.
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

b b

1 2 3 4 5 6 7

View About Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person

Qu: SELECT * {
@ ?x name 7n, @ 7x email 7, [©) DegreeFrom 7d, @ phone 7p,
@ 7x teacherOf 7t,
= A query incrementally asks for more properties.
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Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

b oo

1 2 3 4 5 6 7

View About Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person

Qu: SELECT * {
@ ?x name 7n, @ 7x email 7, [©) DegreeFrom 7d, @ phone 7p,

@ 7x teacherOf ?t, @) ?x interest ?i,
= A query incrementally asks for more properties.




Experiments: Setup

» We create 7 types of views for 14 persons respectively.
» Each person releases a portion of his/her 7 views for querying.

b S S '

1 2 3 4 5 6 7

View About Email DegreeFrom Phone TeacherOf Interest WorkFor
Person 1

Person 2
f———
Person 3
—_—
Person 4
Person 5
|_Person 6 NULL

Person 7 NULL
|—
NULL
NULL
NULL
NULL
NULL
NULL
NULL NULL NULL

Person

Qu: SELECT * {
@ ?x name 7n, @ 7x email 7, [©) DegreeFrom 7d, @ phone 7p,

@ 7x teacherOf ?t, @ ?x interest 7i, (D ?x worksFor ?w.
= A query incrementally asks for more properties.
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Experiments: Results
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Experiments: Results
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Experiments: Setup

Email Phone Degree Email Email
Course _Course Course _Course  Course
Template T1 T2 T3 T4 T5
Univ 1 NULL NULL ‘ NULL NULL
Univ 2 NULL NULL NULL NULL
Univ 3 NULL | NULL NULL
Univ 4 NULL | NULL NULL NULL
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Experiments: Setup

Email Phone Degree Email Email
Course _Course Course _Course  Course
Template T1 T2 T3 T4 T5
Univ 1 NULL NULL ‘ NULL NULL
Univ 2 NULL NULL NULL NULL
Univ 3 NULL | NULL NULL
Univ 4 NULL | NULL NULL NULL
Univ 5 NULL | NULL | NULL | NULL
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Experiments: Setup

Email Phone Degree Email Email
Course _Course Course _Course  Course
Template T1 T2 T3 T4 T5

Univ 1 NULL NULL ‘ NULL NULL
Univ 2 NULL NULL NULL NULL
Univ 3 NULL | NULL NULL
Univ 4 NULL | NULL NULL NULL
Univ 5 NULL NULL NULL NULL
Univ 6 NULL NULL NULL NULL
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Experiments: Setup

Email Phone Degree Email Email
Course _Course Course _Course  Course
Template T1 T2 T3 T4 T5

Univ 1 NULL NULL ‘ NULL NULL
Univ 2 NULL NULL NULL NULL
Univ 3 NULL | NULL NULL
Univ 4 NULL | NULL NULL NULL
Univ 5 NULL NULL NULL NULL
Univ 6 NULL NULL NULL NULL
Univ 7 NULL | NULL NULL
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Experiments: Setup

Email Phone Degree Email Email
Course _Course Course _Course  Course
Template T1 T2 T3 T4 T5

Univ 1 NULL NULL ‘ NULL NULL
Univ 2 NULL NULL NULL NULL
Univ 3 NULL | NULL NULL
Univ 4 NULL | NULL NULL NULL

Univ 5 NULL NULL NULL NULL
Univ 6 NULL NULL NULL NULL
Univ 7 NULL | NULL NULL
Univ 8 NULL | NULL NULL NULL

Univ 9 NULL NULL NULL NULL
Univ 10 NULL NULL NULL NULL
Univ 11 NULL | NULL NULL
Univ 12 NULL | NULL NULL NULL

Univ 13 NULL NULL NULL NULL
Univ 14 NULL NULL NULL NULL
Univ 15 NULL | NULL NULL
Univ 16 NULL | NULL NULL NULL

Univ 17 NULL NULL NULL NULL
Univ 18 NULL NULL NULL NULL
Univ 19 NULL | NULL NULL
Univ 20 NULL | NULL NULL NULL
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Experiments: Setup

Email Phone Degree Email Email
Course _Course Course _Course  Course
Template T1 T2 T3 T4 T5
Univ 1 NULL NULL ‘ NULL NULL
Univ 2 NULL NULL NULL NULL
Univ 3 NULL | NULL NULL
Univ 4 NULL | NULL NULL NULL
Univ 5 NULL NULL NULL NULL
- Qu: SELECT * {
Univ6 | NULL NULL | NULL | NULL ©7x course 7n, O 7x emal 7e,
Univ7__| NULL | NULL NULL @ degree 2,
Univ 8 NULL | NULL NULL NULL }
Univ 9 NULL NULL NULL NULL
Univ 10 NULL NULL NULL NULL
Univ 11 NULL | NULL NULL
Univ 12 NULL | NULL NULL NULL
Univ 13 NULL NULL NULL NULL
Univ 14 NULL NULL NULL NULL
Univ 15 NULL | NULL NULL
Univ 16 NULL | NULL NULL NULL
Univ 17 NULL NULL NULL NULL
Univ 18 NULL NULL NULL NULL
Univ 19 NULL | NULL NULL
Univ 20 NULL | NULL NULL NULL
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Experiments: Results
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Experiments: Results
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© Conclusion
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Conclusion

e We studied rewriting queries over views in the context of SPARQL
and RDF.

@ We proposed the first sound and complete rewriting algorithm.

@ Novel optimizations to simplify individual rewritings and prune
rewritings with empty results.

@ Our solution is independent of RDF stores and hence portable.

@ Extensive experiments demonstrate that our method is efficient and
scalable.
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The End

Thank You

Q and A



Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

Q CandV, CandV; CandV3 CandV,
SELECT 7f; WHERE{ ?p vfriend ?f; 5 vlives ?l5 7p vrelated ?r5 r5 vlives 715 }
VP20 20260 -765] VR, 26, 765,70 7]

MRro—p =] VR, 26 -7r5,20,705)

VPor 2679, 21— 76e] VR 21785, 20— 7ls] VR 7ra—p Pramsrs] [VPor 264715, 2= 715)
VR 211265, 20y —715] VR 211215, 15— 715]
VR 7ra— 75, 20— 715] [VRor, 2ra—2r5, 2lg—205]

Vi Vior Vi: A
CONSTRUCT{ CONSTRUCT{ CONSTRUCT({ CONSTRUCT{
@ ?fy vfriend 7fy, @7, viriend 7%, @70 vrelated 7, O 7r, vrelated 7ry,
@ 7, viives 7} @ vlives 7} @i vives s} (@ 7Pra vlives 2lg}

WHERE{ WHERE{ WHERE{ WHERE{

2, name Eric, 2, name Eric, ?rg name Eric, 7, name Eric,
2%, friend 7f,, ?f, friend 7f;, 71 related 7r), 71,3 related 7r;,
7, lives 71, } ?f, friend 7f,, 71y lives 21y}

71, related 7ry,

£, lives 71y} 71y lives 21}
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

CandV,

CandV; CandV3 CandV,

Qu
SELECT 7f; WHERE{ ?p vfriend 7;
= CandVs ready

?f; vlives 7l ?p vrelated ?r5 25 viives s }

VP.26o—7p, 21— 7%;]

[VRor 227,261 75]

V27767 -7 VRro—7p2n—7rs] VR 70,71 705
Vor 276, 71— 715] VBar, 2ra—7p,ram2r5] [VPor Pam2r5, 24— 705]

(V271,765,215 205] (V.21 — 715 215 715]
VR 7ra— 75, 20— 715] VR 71175, 7l —715]

Vie
CONSTRUCT{
@ 2fy vfriend 7fy,
@ 7, vlives 2}
WHERE(
2, name Eric,
2%, friend 7f,,
2 lives 71, }

Veor Vi: Vion:
CONSTRUCT{ CONSTRUCT({ CONSTRUCT{
@7, viriend 7, @ 7ro vrelated 7r, @ 71, vrelated 7ry,
@ vlives 7} @i vives s} (@ 7Pra vlives 2lg}

WHERE({ WHERE(

WHERE{

7, name Eric,
2r, related 7rs,
71, related 7ry,
71y lives 2l }

2, name Eric, ?rg name Eric,
?f, friend 7f;, 7rq related 7ry,
?f, friend 7f,, 71y lives 21y}
2, lives 71}




Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

m Start with the smallest |CandV/|.

CandV, CandV,

SELECT 7f; WHERE{ ?p vfriend ?f5

. o

R 26—

CandV, CandV,
?p vrelated ?r5 25 viives s }

VRro—p.21—7r5]

5 vlives ?l5

5] VO, 20— 20s] (VP26 7r5, 71— 205]
1

632 2 VPor P26, 1 705] [V Ror 2o Tp 2ra 5] Vo 24215, 213715
VB2 765, 7,715 VR.2r1 715, 213715)

VR 7ra— 75, 20— 715] VR 71175, 7l —715]

Vi Vior Vi: A
CONSTRUCT{ CONSTRUCT{ CONSTRUCT({ CONSTRUCT{
@ ?fy vfriend ?fy, @7, viriend 7%, @70 vrelated 7, O 7r, vrelated 7ry,
@ 7, viives 2} @ vlives 7} @i vives s} (@ 7Pra vlives 2lg}

WHERE{ WHERE{ WHERE{ WHERE{

2, name Eric, 2, name Eric, ?rg name Eric, 7, name Eric,
2%, friend 7f,, ?f, friend 7f;, 71 related 7r), 71,3 related 7r;,
7, lives 71, } ?f, friend 7f,, 71y lives 21y}

71, related 7ry,

s lives 714} ry lives 716}
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

m Find its connected patterns in query.

v v

A PR
CandV, CandVs 1+ CandVs | CandV
SELECT 7%, WHERE{ 7p vfriend 7f; 2; viives 7l; 7p vrelated 7r; 215 viives 7I; }
L RIS VR6 76,20 —70]
1

Vro—p, 2 —rs] VP26 —7r5,20,—705)

Ve 2620 26358 VRor a2 Wi 7ls] Vo Pra—7p.ra—r5] Vo, 26— 710, 2= 70)
VR 211265, 20y —715] VR 211215, 15— 715]

VR 7ra— 75, 20— 715] [VRor, 2ra—2r5, 2lg—205]

Vi Vior Vi: A
CONSTRUCT{ CONSTRUCT{ CONSTRUCT({ CONSTRUCT{
@ ?fy vfriend ?fy, @7, viriend 7%, @70 vrelated 7, O 7r, vrelated 7ry,
@ 7, viives 2} @ vlives 7} @i vives s} (@ 7Pra vlives 2lg}

WHERE{ WHERE{ WHERE{ WHERE{

2, name Eric, 2, name Eric, ?rg name Eric, 7, name Eric,
2%, friend 7f,, ?f, friend 7f;, 71 related 7r), 71,3 related 7r;,
7, lives 71, } ?f, friend 7f,, 71y lives 21y}

71, related 7ry,

£, lives 71y} 71y lives 21}

137



Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

® Go with the one with the smallest |CandV/|.
CandV, CandV, CandV,
SELECT 7f; WHERE{ ?p vfriend 7;

R

R 2627

CandV,

?f; vlives 7l ?p vrelated ?r5 25 viives s

fT:*fq‘ V8,26, 76,1, —715] ,.w%’,ru;’p'ﬂ'nlﬁr:}. V8,26, 715,71 —715]

6y 2] VPor, a2 Ha 2] Wi 2ra—7p 2y 2ed) [VPor, 2a— 05 2=

VR 211265, 20y —715] V221715, 15— 205]

VR 7ra— 75, 20— 715] [VRor, 2ra—2r5, 2lg—205]

Vi Vior Va: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ ?fy vfriend 7, @ 7%, vfriend 7, @ 7ro vrelated 2ri, @ ?r, vrelated ?ry,
@ 7, viives 2} @ 7a viives 73} @7 vives 73} @7ra viives 7lg}

WHERE{ WHERE{ WHERE{ WHERE{
7y name Eric, ?f, name Eric, ?rg name Eric, 7ry name Eric,
% friend 7f;, 7, friend 7fs, 2o related 7r/, 21, related 7rs,
2 lives 71, } 2y friend 7f;, 21, lives 715} 7y related 7ry,
2, lives 71}

71y lives 2l }
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

CandV, CandV; CandV3

CandV,
SELECT 7f; WHERE{ ?p vfriend 7;

?f; vlives 7l ?p vrelated ?r5

25 viives s

VP20 —2p.26,—765] | VR Z—26,20-70] | VRro—p2u—2rs] | VR0, 20— 70]
Vo 26— 7p, 21— 76e] VR 21785, 20— 7ls] VR Tra—p Pramsrs] [VPor 264715, 2= 715)
VR, 2r1 =265, 23705 VB.2r1 215, 215715)

VRor, Pra— 765, Zlg—715] VRor. Zra—7r5, 25— 705]

Vi Vior Vi: A
CONSTRUCT{ CONSTRUCT{ CONSTRUCT({ CONSTRUCT{
@ ?fy vfriend ?fy, @7, viriend 7%, @70 vrelated 7, O 7r, vrelated 7ry,
@ 7, viives 7} @ vlives 7} @i vives s} (@ 7Pra vlives 2lg}

WHERE{ WHERE{ WHERE{ WHERE{

2, name Eric, 2, name Eric, ?rg name Eric, 7, name Eric,
2%, friend 7f,, ?f, friend 7f;, 71 related 7r), 71,3 related 7r;,
7, lives 71, } ?f, friend 7f,, 71y lives 21y}

71, related 7ry,

i lives 711} 70, lves 7}
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

= |oap Nag| > 7, continue rewriting.

Q CandV, / CandV, \ CandV;

CandV,
SELECT 7f; WHERE{ 7p wfriend 26 |

76, viives 7, 7p vrelated 7r; 25 viives s

VR 776,71 —70] | VRiro—7p.2n—7rs] | VR 2670, 7 -705]

V&, 26279, 21— 265] Vo, 261765, 71 715]

[VP.260—7p, 21— 7%;]

V&, 72— 7p, i —2r] (Vo 261700, 713715]
VR 211265, 20y —715] VR 211215, 15— 715]
VR 7ra— 75, 20— 715] [VRor, 2ra—2r5, 2lg—205]

Vi Vior Vi: A
CONSTRUCT{ CONSTRUCT{ CONSTRUCT({ CONSTRUCT{
@ ?fy vfriend ?fy, @7, viriend 7%, @70 vrelated 7, O 7r, vrelated 7ry,
@ 7, viives 7} @ vlives 7} @i vives s} (@ 7Pra vlives 2lg}

WHERE{ WHERE{ WHERE{ WHERE{

2, name Eric, 2, name Eric, ?rg name Eric, 7, name Eric,
2%, friend 7f,, ?f, friend 7f;, 71 related 7r), 71,3 related 7r;,
7, lives 71, } ?f, friend 7f,, 71y lives 21y}

71, related 7ry,

£, lives 71y} 71y lives 21}
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

[ canav, | [ canav.

[ canavs |

CandV,

SELECT 7f; WHERE{ ?p vfriend ?f5 5 vlives ?l5

?p vrelated ?r5

25 viives s

V22 —7p, 76— 76) | VR PR 26,7 —71] | VRiro—7p 2 —7rs] | (V26 70,71 715

VP 2622, 21765] [VPor 2

Vie
CONSTRUCT{
@ ?fy vfriend 7fy,
@ 7, viives 7}
WHERE(
2, name Eric,
2%, friend 7f,,
7, lives 71, }

Vior
CONSTRUCT{
@ 7, vfriend 7y,
@ 7%, vives 21}
WHERE({
2, name Eric,
?f, friend 7f;,
?f, friend 7f,,
2, lives 71}

V8o 2ra—7p, 24— 7r5] Vo W71, 24— 70s]

Vie:
CONSTRUCT({
@ o vrelated 7,
@ viives 71}

WHERE(
?rg name Eric,
7rq related 7ry,
71y lives 21y}

VR 211215, 13 —715]

VR 71175, 7l —715]

Vror:
CONSTRUCT{
O ra vrelated 7ry,
@7rs viives g}

WHERE{

7, name Eric,
2r, related 7rs,
71, related 7ry,
71y lives 2l }
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

m |ap Nag| < 7, issue ASK to confirm.

[ canav, | A CandV., \

SELECT 7f; WHERE{ 7p iviend 26, [ 76 viives 715 |

V2 2fo—7p 76— 76) | VR PR 267 —7] | VRt 7p 2] | (V26 70,71 705

V8o 2ra—7p, 24— 7r5] Vo W71, 24— 70s]

[ candvs | CandV,

?p vrelated ?r5 25 viives s

VR.2r1 715, 213715)

VR Zra—7rs, g0

Vi Vior Va: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7fp vfriend ?f;, @ 7 vfriend 76y, @ ?ro vrelated ?ry, @ ?r, vrelated 7rg,
@ 7, viives 7, } @ 7a viives 73} @7 vives 73} @7ra viives 7lg}

WHERE{ WHERE{ WHERE{ WHERE{
7fo name Eric, ?f; name Eric, ?rg name Eric, 7ry name Eric,
% friend 7f;, 7, friend 7f;, 2rg related 7rp, ?r; related 7r3,
7, lives 71, } 2y friend 7f;, ry lives 715} 213 related 7r;,
7, lives 71} ry lives 7l}
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Optimization: pruning rewritings with empty results

@ A solution: incremental rewriting.

m |ap Nag| < 7, issue ASK to confirm.

[ canav, | A CandVQR [ candvs | @,

SELECT 7f; WHERE{ 7p iviend 26, [ 76 viives 715 | ?p vrelated ?r5 25 viives s

=
V2o —7p76—726) | VR —2\] | VRiro—7p2n—r] |1 [VE,26 705,70,

'
IV 267 s 2e] [VPor P26, 2~ M) VRom Pra—p 204 20s] VRor 26705, 74 70)

1 VR 227
a)

2405,

Vi Vior Va: Vror:
CONSTRUCT{ CONSTRUCT{ CONSTRUCT{ CONSTRUCT{
@ 7fp vfriend ?f;, @ 7 vfriend 76y, @ ?ro vrelated ?ry, @ ?r, vrelated 7rg,
@ 7, viives 7, } @ 7a viives 73} @7 vives 73} @7ra viives 7lg}

WHERE{ WHERE{ WHERE{ WHERE{
7fo name Eric, ?f; name Eric, ?rg name Eric, 7ry name Eric,
% friend 7f;, 7, friend 7f;, 2rg related 7rp, ?r; related 7r3,
7, lives 71, } 2y friend 7f;, ry lives 715} 213 related 7r;,
7, lives 71} ry lives 7l}
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